The authors report their experience with ventriculocaval shunts in 101 adult patients with hydrocephalus, raised intracranial pressure, or disturbed cerebrospinal fluid dynamics. Following the insertion of a Holter or Pudenz ventriculocaval shunt, 43 patients developed 71 complications. The commonest of these was blockage of the ventricular catheter which was four times more likely to occur if the perforated end of the catheter was placed elsewhere than in the frontal horn of the ipsilateral lateral ventricle. Of the 71 complications, 45 occurred within 3 ~onths of the initial insertion, and only six patients out of 66 surviving at that time developed complications later than 1 year after the initial insertion. The variable relationship of the cavoatrial junction to the skeleton in adult patients is described, and the importance of accurate placement of the ventricular and caval ends of the system emphasized.
T HE introduction of the Holter ~ and the Pudenz 6 valves provided for the first time a simple and effective means of treating hydrocephalus. The problems encountered in treating infantile hydrocephalus are already well documented, 1,3 and this report deals only with ventriculocaval shunts in adults. The hydrocephalic ventricles in the adult are usually smaller than those of the infant, but no allowance has to be made for the patient's growth. This paper describes 101 patients over the age of 16 in whom a ventriculocaval shunt was inserted, or attempted, for the treatment of hydrocephalus, raised intracranial pressure, or disturbed cerebrospinal fluid (CSF) hydrodynamics. The operations were performed in the National Hospitals for Nervous Diseases, Queen Square and Maida Vale, and at the Middlesex Hospital from 1959 to 1968, and follow-up is reported to the end of 1969.
Clinical Material
Of the 101 patients, 54 were male and 47 female. The mean age for the group was 44.2 years, for males 42.1 years, and for females 46.3 years. Diagnoses are given in Table 1 .
Operative Technique
Until 1966, posterior temporal burr holes were made so that the ventricular catheters were directed from a lateral position into the ventricle. Since then the majority of cathe- ters have been inserted through burr holes made in the posterior parietal or occipital regions within 4 cm of the midline, to introduce the perforated tip of the ventricular catheter into the frontal horn and away from the choroid plexus. Usually the right lateral ventricle was used, although on 10 occasions the left lateral ventricle was drained either because this was markedly the larger ventricle or for other technical reasons. On two occasions both lateral ventricles were drained through one valve, the ventricular catheters being joined by a "Y" connection. A Holter ventricular catheter was used in 26 patients, and in 74 patients a Pudenz ventricular catheter, this on many occasions being connected to a Holter valve system. In all, 51 Holter valves, usually medium pressure, and 48 Pudenz valves were successfully inserted. All were tested before insertion by connection to a saline-filled manometer. The pressure at which the flow stopped or became barely perceptible was recorded, and valves not opening down to a desired pressure were rejected. The caval catheter was inserted through the common facial vein, or into the internal jugular vein directly. A check x-ray film was taken at operation; the aim was to position 682 the catheter in the region of the cavoatrial junction as judged on preoperative x-ray films. In 16 patients the operation was performed as a staged procedure in which the ventricular end was introduced and allowed to drain externally by a closed system for a few days until its function was assured; the CSF was then rerouted internally into the superior vena cava. In most patients the positions of the ventricular and caval catheters were confirmed by postoperative films, and the function of the shunt system, if not shown by obvious clinical improvement, was checked by measurement of the lumbar puncture pressure. The valve chambers were not pumped routinely after the operation but only to assess function.
Results
It was possible to establish shunts in 99 of the 101 patients. Two attempts failed for technical reasons and were not repeated. The valves functioned initially in 91 patients, as demonstrated by lumbar puncture in 58 and by unequivocal clinical improvement in 33. In five other patients the clinical records provided no positive evidence of function, and in the remaining three the shunt blocked and was not revised or was removed before the patient left the hospital.
In six patients, the valves blocked after discharge and were not reestablished, so that of the original 91 cases with known functioning valves, 85 remain in whom the valve has functioned with or without revision up to the date of death or last contact. There are 29 patients alive with valves that have functioned without revision for up to 6 89 years, and 15 other patients survive with valves that have functioned with revision up to 10 yrs 3 mos. Of the 91 patients mentioned above, in 53 the valve functioned without revision until the patients' death (24 cases) or last contact (29 patients, as above).
Complications
Of the original 101 cases, 43 patients developed 71 known complications related to the procedure (Table 2 ); in five, the valve function is unknown.
Blockage of the Ventricular Catheter. Catheter blockage has been considered in relation to ventricular size, position of the burr hole, and the relation of the perforated end of the ventricular catheter to the midline and to the posterior margin of the foramen of Monro. The sites of the burr holes and ventricular catheters were obtained from postoperative skull films. The ventricular sizes and the positions of the foramina of Monro were worked out from ventriculograms or air encephalograms performed before the shunt was inserted. The data were incomplete for some patients.
It was possible by measurement to allocate the ventricles to one of two groups, either small, corresponding to Taveras and Wood's 7 grades 0 to 2 (25 patients), or large, corresponding to Taveras and Wood's grades 3 to 4 (68 patients). No correlation was found between the ventricular size and blockage of the ventricular catheter. Among 27 ventricular catheters introduced through lateral burr holes there were eight blocks (30%), and among 71 through posterior burr holes there were 15 blocks (21% ). Table 3 shows that a catheter lying in the body of the lateral ventricle or crossing the midline is prone to block, and this placement is commoner with laterally introduced catheters. Ventricular catheters lying with their tips posterior to the foramen of Monro are twice as likely to block as those lying anterior to the foramen, and away from the choroid plexus. In both Holter and Pudenz catheters, the perforations extend up to 15 mm back from the tip of the catheter, and this has been taken into account in deciding whether a catheter lies anterior or posterior to the foramen. The measurement used has been the posterior margin of the foramen. Included in the cases with catheters posterior to the foramen of Monro are three shown on postoperative skull films to be coiled in the body of the ventricle, which were revised before blockage occurred. Comparison of "ideal" and "non-ideal" catheter placement showed that in 81 patients with complete radiological data, 42 catheters not placed in the ipsilateral frontal horn developed 16 blocks (38%), while the 39 catheters ideally placed developed four blocks (10%), Ventriculocaval shunts were inserted in patients with a ventricular CSF protein content varying between 10 and 448 mg/100 ml, and in patients with a lumbar CSF protein content varying between 15 and 3000 mg/100 ml. None of the nine patients with ventricular CSF proteins over 100 mg/100 ml developed blockage of the system.
Infection. Infection occurred in nine patients (9%).
The infection involved the CSF in six and in three of these the valve or bloodstream as well. Two patients had only a bacteremic illness; in one of these only the neck incision was affected. The organism was Staphylococcus aureus in four cases, Staphylococcus albus in three, diphtheroids in one, and an unidentified gram-positive coccus in one. Symptoms appeared between 5 days and 7 months from the date the valve was inserted, with a mean at 6 89 weeks. In three patients, the infection was cured with antibiotics alone, but in five it was also necessary to remove the valve system. Two of these patients died, one with the infection still active.
Malfunctioning Valves. Seven Holter valves were called '"sticky" because, although they worked when pumped digitally, they would not function spontaneously to control the intracranial pressure. In only one patient was the ventricular CSF protein count over 40 mg/100, and these valves may resemble those described by Corkery and Zachary. ~ One Holter valve was blocked by fibrin and debris.
Blockage of Caval Catheter. In four patients, blockage of the caval catheter occurred. One catheter blocked with blood clot when placed 5 cm above the cavoatrial junction. One Pudenz catheter was blocked by surrounding blood clot when satisfactorily placed. Another catheter tip migrated into the subclavian vein and blocked, and the fourth was occluded by an overtight ligature. The aim has been to position the lower end of the caval catheter near the cavoatrial junction where the upper end of the bulge of the right atrium meets the right edge of the superior mediastinum, as seen in a chest xray film. Table 4 gives the position of this point in 84 patients in relationship to the rib necks and also the position of 85 caval catheters similarly. It is easier to see these positions in relation to the rib necks than to the vertebral bodies. In only eight patients was the caval catheter 2 cm or more from the cavoatrial junction. Two catheters placed too high were electively lengthened, and one that was too low was electively shortened. The other catheters that were 3 to 4 cm too high were not revised and continued to function.
Miscellaneous Complications.
In four patients, the first attempt to insert a shunt failed. In two, this was due to blood clot in the lateral ventricle, and a second attempt after an interval was successful in each. In the other two, the procedure was not repeated.
Four patients developed subdural hematomas after shunting, and these are described elsewhere (Illingworth, 4 Cases 2, 3, 5, and 6). Two patients with communicating hydrocephalus, associated in one with the removal of a convexity meningioma and in the other with a subdural hematoma, became worse neurologically when the shunt was established. Both were improved when the valves were occluded or changed to one of higher pressure. Another patient with benign intracranial hypertension had a recurrence of visual defects some years after shunting, despite a lumbar puncture pressure of 110 mm of fluid. The valve was therefore changed to one of lower pressure, with benefit.
One valve continued to function despite thrombosis of the superior vena cava, and the system was rerouted into the peritoneum.
Follow-Up
Of the 99 patients with completed shunts, 51 were known to be alive at the time of last contact, in most cases within a few months of the writing of this report. The length of time after the shunting operation extended to 10 yrs 3 mos, with a mean of 3 yrs 3 89 mos. There were 46 patients who died at periods between 1 week and 8 yrs 5 mos after operation, with a mean of 1 yr 1 89 mos. In most, the cause of death was the original condition for which the shunt was inserted, but six patients died from unrelated causes. Seven patients died during their hospital stay in which the shunt was inserted, for an operative mortality of 7%. Four of the deaths were from the original condition, and one each from pulmonary embolism, acute hepatic necrosis, and pneumonia and wound infection. Two patients were lost to followup.
Discussion
Many of these patients were elderly with serious neurological disease or malignant tumors, and the results are therefore worse than in congenital hydrocephalus. However, half of the patients were living at the time of this study, and many have survived for some years with functioning shunts that have not required revision. Of the 71 complications, 45 appeared within 3 mos of the initial insertion, and, in contrast, only six of 66 surviving patients developed complications later than 1 year (from 16 mos to 6 yrs). It seemed, therefore, that a ventriculocaval shunt once satisfactorily established in an adult was more likely to continue functioning without revision than in an infant. Blockage of the ventricular catheter was the commonest complication. A catheter inserted into the ipsilateral frontal horn was more likely to function satisfactorily than one inserted into the body of the lateral ventricle or across the midline; this optimum position was more often achieved through a posterior than a lateral burr hole.
Accurate placing of the caval catheter near the cavoatrial junction was achieved in almost all patients. Unlike the situation in infants, later revision was not often required. The cavoatrial junction varied from patient to patient, between the sixth rib and the ninth interspace. It seems important that the caval catheter should not be positioned by some fixed point such as the sixth rib, but rather in relation to the cavoatrial junction in each particular patient.
Once established, the ventriculocaval shunt provides a reasonably satisfactory permanent CSF diversion in adults, and the system can function for years without revision. Accurate placement of the ventricular catheter in the ipsilateral frontal horn and the caval catheter in the region of the cavoatrial junction are the main factors in achieving this.
Summary
Experience in the use of the ventriculocaval shunt for the treatment of 101 adult patients with hydrocephalus has been described, the technique of the operation and its complications discussed, and the importance of accurate placement of both ventricular and caval catheters emphasized.
